The objective of this study was to examine the change in efficiency of health care systems of 34 OECD countries between 2000 and 2012, a period marked by significant health reform in most OECD countries. This paper uses a novel Dynamic Network Data Envelopment Analysis (DNDEA) model to analyze the efficiency of the public health system and the medical care system of these OECD countries independently along with assessing the efficiency of their overall health system. This helps understand the relative priorities for improving the overall health system. The data for this study was obtained from the OECD Health Facts database. The study findings suggest that countries which improved their public health system were more likely to show overall improvement in efficiency.
Introduction
Health care systems in Organization for Economic Cooperation and Development (OECD) countries are continuously striving to adapt to economic, social and political demands. Change in demographics, political climates and disease trends in the last decade have forced OECD countries to make a number of changes in their health care system. OECD countries face similar challenges as the demand for quality health care surpasses the resources of public health and medical care divisions of these countries. Global health challenges which include an aging population, lack of balance between containing costs while maintaining access and quality, shift from acute to chronic diseases which lead to a higher burden on medical care resources and fragmented health care systems have prompted OECD countries to make major changes to their health care system in the last decade (Yaya and Danhoundo 2015) . These changes vary from policy changes within a particular sector to a sweeping health care reform spanning multiple sectors. A number of OECD countries such as Austria (Nolte et al. 2012) , Canada (Simms 2010) , Chile (Unger et al. 2008) , Denmark (Andersen and Jensen 2010; Magnussen et al. 2009 ), Estonia (Thomson et al. 2010) , Germany (Gerlinger 2010; Nolte et al. 2012) , Japan (Ikegami and Campbell 2004) , Mexico (Laurell 2007) , Netherlands (Nolte et al. 2012; Schafer et al. 2010) , Norway (Byrkjeflot 2004; Magnussen et al. 2009 ), Portugal (Barros 2012) , Slovakia (Szalay et al. 2011) and Turkey (Aktan et al. 2014; Kacak et al. 2014; Narcı et al. 2015) and United States (Gruber and Sekhon 2010 ) undertook significant healthcare reforms over the last decade. OECD countries like Australia (National Health and Hospitals Reform Commission 2009), Czech Republic (Office of the Government of the Czech Republic 2013), Finland (Magnussen et al. 2009 ), Greece (Boutsioli 2011) , Hungary (Gaal 2011) and Ireland (Tussing and Wren 2006) are currently at various stages of planning and implementing health system reform.
OECD countries have different models of health care financing and delivery. Thus, each country has its own unique set of issues that are addressed by reforms. In spite of this diversity, health reforms in most OECD countries have a number of common features. These include expanding focus on primary care and community-based care, enhancing health care access to the disadvantaged and vulnerable, engaging consumers in their care, changing payment and reimbursement models to obtain better quality, robust quality measurement, integration between various sectors of the medical care division and between public health and medical care and lastly, moving towards increased use of health information technology (Yaya and Danhoundo 2015) . Table 1 provides a short description of the nature of reforms undertaken by some OECD countries between 2000 and 2012. We restrict to reforms during this period since this is the period of data we analyze in this paper.
As can be seen from Table 1 , the most important common feature of all these reforms is cost-containment and deriving better value for the resources spent. Efficiency is thus an important component of health care reform.
A number of studies have attempted to examine the efficiency of health care systems of OECD countries. Most of these studies used Data Envelopment Analysis (DEA) to derive efficiency scores for OECD countries' health systems along with comparative rankings for the countries compared (Afonso and St Aubyn 2006; Häkki-nen and Joumard 2007; Hollingsworth and Wildman 2003; Mohan and Mirmirani 2007; Retzlaff-Roberts et al. 2004) . Traditional DEA models treat a health care system as a black box while computing efficiency based on a set of inputs and outputs. This makes it difficult to differentiate the efficiency of various components of a health system. According to the expert panel on Understanding Cross-National Health Differences among High-Income Countries, a health system encompasses the full continuum between public health (population-based services) and medical care (delivered To organize and expand of health insurance coverage to the underserved; to reorganize payment mechanisms; to provide incentives for quality through pay for performance; to ensure more autonomy and flexibility for hospitals; to provide health services through public-private partnerships; and to improve family medicine
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United States To expand health insurance coverage to the underserved; to change delivery and reimbursement models to promote care coordination and cost containment 2010 to individual patients). The panel recommends that both these components-public health and medical care-must be examined while making cross-national comparisons (Woolf and Aron 2013) .
The importance of population-based services is marked by the signature accomplishments of public health, such as the control of vaccine-preventable diseases, lead abatement, tobacco control, motor vehicleo ccupant restraints, and water fluoridation 123 to prevent dental caries (Centers for Disease Control and Prevention 1999). Public health efforts are credited with much of the gains in life expectancy that high-income countries experienced in the twentieth century (Cutler and Miller 2005; Foege 2004 ). The importance of medical care is marked by the fact that 50 % of US deaths that would otherwise have occurred are averted by medical care (Woolf and Aron 2013) . Thus, both public health and medical care are equally important components of a health system. Essential services to be provided by public health in any health system include monitoring health status to identify community health problems, diagnosing and investigate health problems in the community, educating people about health issues, developing policies that support community health efforts, enforce laws and regulations that protect health and ensure safety and lastly linking people who cannot otherwise access health care to necessary health care services (Fielding et al. 2008) . OECD countries differ on how fragmented their public health system is i.e. whether public health is provided based on a comprehensive national policy (e.g. Denmark, Finland, Sweden) or whether public health delivery is provided by state and local departments in a fragmented manner (United States, Australia, Netherlands, etc.) (Allin et al. 2004 ). These countries also differ on the amount of health care expenditure dedicated to public health. Lastly, the public health systems in OECD countries differ on the provision of the last essential service i.e. providing a safety net for individuals who do not have any other means to access health care. This can be measured by an index called "Health care decommodification" which refers to the extent to which individuals' access to health care is independent of their financial resources or the market. British social scientist Clare Bambra developed the health care decommodification index and found that the United States had the lowest decommodification score (9.0) followed by Australia (20.0) among 14 peer countries whereas UK and Norway had the highest decommodification score (60.0) (Bambra and Beckfield 2011) . There exists interplay between public health and medical care. The successes of public health system which include immunizations and preventive services like screenings reduce the burden on the medical care system and issues identified by the medical care system become priorities for the public health system.
Based on who provides and who pays for medical care, medical care systems in OECD countries can be categorized into four models: (a) the Beveridge Model or the single payer national health service model where health care is provided and financed by the government through tax payments (examples-Australia, Chile, Denmark, Finland, Greece, Iceland, Ireland, Italy, Korea, Mexico, Norway, New Zealand, Poland, Portugal, Spain, Sweden, Turkey, UK); (b) the Bismarck Model or the social insurance model which uses an insurance system called "sickness funds" which is usually financed jointly by employers and employees through payroll deduction. Although this is a multi-payer model tight regulation gives government much of the cost-control clout that the single-payer Beveridge Model provides.Provision of medical care in this model is by the private sector. (examples-Austria, Belgium, Czech Republic, Estonia, France, Germany, Hungary, Israel, Japan, Luxemborg, Netherlands, Slovak Republic, Slovenia, Switzerland); (c) the National Health Insurance Model or the single payer national health insurance model where the single-payer is a government run insurance that every citizen has to contribute to. Medical care is provided by the private sector.
(examples-Canada) and (d) out of pocket modelwhere individuals pay for medical care provided by the private sector using out of pocket funds or private sector insurancepurchased by people with no government oversight (example-United States) (Reid 2010; Kulesher and Forrestal 2014) . Thus, sufficient differences exist between OECD countries in the organization of their public health and medical care system. However, traditional black-box DEA models do not allow comparison of these two divisions of the health system independently.
Traditional black-box DEA models are unable to examine the efficiency of the public health and medical care divisions independently or the impact of public health on medical care and overall health system. Such an analysis is essential in order to understand the specific factors which contribute to inefficiencies in OECD countries. Network DEA models go beyond the traditional black box model and allow computation of divisional efficiencies in addition to the efficiency for the entire health system (Tone and Tsutsui 2009 ). This paper is one of the first attempts at a cross-national comparison of efficiency of public health and medical care divisions of health systems in OECD countries before and after a decade of reform.
Dynamic Network DEA (DNDEA)
Network DEA models were first introduced by Färe and Grosskopf (2000) and have been extended by Tone and Tsutsui (2009) . However, the Network DEA model can only be used to compute efficiency for a single time period. The Dynamic Network DEA (DNDEA) model extends the Network DEA model by computing absolute efficiency scores and changes in divisional and health system efficiencies over multiple time periods. It can compute overall efficiency scores for public health division, medical care division and the overall health system over all time periods based on long-term optimization using carry-over variables which are essentially links from one time period to the other. Traditionally, efficiency change over time was computed using Windows analysis by Klopp (1985) and the Malmquist index developed by Färe et al. (1994) . The DNDEA model is similar to the Malmquist index model and breaks down the overall change in efficiency into two components: Frontier change (change in efficiency across all health systems in the peer group due to change in innovation) and Catch-up (distance of the focus health system from the efficiency frontier). Although the Malmquist index has been used for a number of applications in healthcare, the DNDEA is a relatively new model. The only published application of DNDEA model in health care was by Kawaguchi et al. (2014) in their evaluation of the efficiency of Japanese municipal hospitals in response to policy reform. DNDEA models provide significant advantage in separately evaluating impact of reform on public health and medical care divisions of a health system.
Formulae for efficiency in Dynamic Network DEA
We deal with n DMUs
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Let m k and r k be the numbers of inputs and outputs of 123 Division k, respectively. We denote the link leading from Division k to Division h by (k, h) and the set of links by L. The observed data are as follows:
If some outputs are undesirable, we treat them as inputs to Division k.
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Where
. . , y t nk ) ∈ R r k ×n×T are input and output matrices, and s t− ko and s t+ ko are input/output slacks, respectively. As regard to the linking constraints, there are several options as follows: The "as input" link value case (LB): The linking activities are treated as input to the succeeding division and excesses are accounted for in the input inefficiency.
where
in is slacks and non-negative, and linkin k is the number of "as input" link from division k.
The "as output" link value case (LG): The linking activities are treated as output from the preceding division and shortages are accounted for in the output inefficiency.
out is slacks and non-negative and linkout k is the number of "as output" links from Division k.
Carry-over activities can be classified into four categories as follows. Corresponding to each category of carry-over, we derive the following equations:
where s
ok l bad and s (t, t+1) ok l f ree are slacks denoting, respectively, carry-over shortfall, carry-over excess and carry-over deviation, and ngood k , nbad k and n f ree k indicate, respectively, the number of desirable (good), undesirable (bad) and free carryovers for each division k.
Objective function for overall-, period-and divisional efficiency
The overall-efficiency is evaluated by the following program:
Subject to (1)-(4), where W t (t = 1, . . . , T ) is the weight to period t and w k (k = 1, . . . , K ) is the weight to Division k. These weights satisfy the condition
They are supplied exogenously. The input-(output-) oriented model can be defined by dealing with the numerator (denominator) of the above objective function.
Period efficiency is defined by
where variables on the right hand side indicate optimal values for the overall efficiency θ * o .
123
Divisional efficiency is defined by
Finally, period-divisional efficiency is defined by
In the input-(output-) oriented model, the numerator (denominator) of the above formulas is applied [*the above formulaewere adapted from Tone and Tsutsui (2014) ].
The model being used in this paper as shown in Fig. 1 considers anOECD country's health system as a DMU. This health system is conceived as having two sub-unitspublic health and medical care. In the model used here, public health and medical care sub-units are assigned equal weights since both are essential components of a health system (Woolf and Aron 2013) . The inputs to the public health sub-unit include nonmedical determinants of health outcomes which are beyond the control of medical care systems. These lifestyle inputs contribute significantly to individual health outcomes but their control and regulation is usually a function of the public health department of a country. For example, legislation and health education efforts related to smoking, alcohol consumption and obesity fall under the purview of the larger public health system of a country. Thus, annual tobacco and alcohol consumption per capita and proportion of the population that is overweight or obese have been included as inputs to the public health system. These inputs have been used in prior studies assessing efficiency of health care systems (Ravangard et al. 2014) . Additionally, total of public and private expenditure on public health has also been included as an input to the public health system since monetary resources are an essential input for improving health status of the population (Rivera 2001) .
Preventive services such as immunization and screening for chronic disorders have been included as inputs to the medical care system in previous studies (Benneyan et al. 2007 ). However, these are the inputs which should be maximized rather than minimized to improve health. Additionally, these are usually under the supervision of the public health departments of most nations. Thus these preventive services are included in the model as links from the public health division to the medical care division. These include immunizations i.e. percentage of children under 1 year old who received three doses of the combined Diphtheria-Tetanus-Pertussis vaccine (DTP) in a given year, screening for breast and cervical cancer i.e. number of women aged 50-69 who received a bilateral mammography within the past 2 years and the number of women aged 20-69 who received cervical cancer screening in the past 3 years. These have been used as good links to the medical care division as they reduce the disease burden on the medical care division.
Outputs from the public health division include life expectancy at birth for males and females. Carry overs from the public health division include maternal mortality and infant mortality and the perceived health status of the population since these are expected to impact the efficiency of the public health division for a number of years (Almond and Chay 2006; Bazile et al. 2015; Goldstein et al. 1984) . Although life expectancy, maternal and infant mortality and perceived health status are outcomes of the entire health system and not just of the public-health division, they have been assigned to the public health division for the purpose of this model since medical care is expected to contribute less to health status, mortality and life expectancy than public health (Bunker et al. 1994; McGinnis et al. 2002) . All of these outputs and carry-overs are commonly used measures when computing efficiency of health systems (Afonso and St Aubyn 2006; Mirmirani et al. 2011; Ozcan 2014) .
The inputs to the medical care sub-unit include total number of hospital beds in the country, number of persons working in the health care and social work sector in the country and number of Computed Tomography (CT) scanners in the country. These inputs represent capital, labor and technology and are commonly used while assessing efficiency of health care providers.Outputs from the medical care division include number of inpatient discharges and outpatient consults in a year. These are commonly used outputs in assessment of productivity of the medical care system (Ozcan 2014) . Carry overs from the medical care division include number of new cancer cases diagnosed. New cancer cases are an undesirable input to the medical care system but their impact lasts much longer than a given year since cancer is a chronic condition that demands medical resources over time. Thus, it has been included as a bad carry-over of the medical care system from one period to the other.
The DNDEA model used in this paper is presented in Fig. 1 .

Data source, sample and analysis
The data used for the purpose of this study was derived from the OECD health data for the years 2000 and 2012. OECD health data is an annual database developed by the OECD Health Policy Unit in Paris. The data were contributed by the member countries and verified by the OECD to insure accuracy and consistency to allow accurate comparisons across healthcare systems. This database provides a rich spectrum of cross-country data for industrialized countries. However, previous analyses of OECD health data note the measurement problems of using aggregate cross-country data, as the various series may not always be consistently coherent across countries. This data set also has a number of missing values (Retzlaff-Roberts et al. 2004) . If data element was missing, an adjacent year's data was used as proxy for that particular country. We included data from all 34 OECD countries. Dynamic Network DEA Analysis was conducted using DEA-Solver-Pro Professional Version 12. A non-oriented constant returns to scale (CRS) version of DNDEA model was used. The non-oriented model allows assessing input, output, and link deficiencies for those inefficient DMUs. The CRS model reflects the fact that output will change by the same proportion as inputs are changed (e.g. a doubling of all inputs will double output) whereasthe alternate variable returns to scale (VRS) model requires an a priori assumption of whether health systems have an increasing or decreasing returns to scale. Such assumptions could not be made due to unavailability of literature and hence, we use the CRS model in this paper.
Based on the DNDEA results, we will assess whether the countries that underwent reform had higher Malmquist scores overall and for each division. We also assess whether overall Malmquist scores for countries that underwent reform were higher for countries with a Beveridge or Bismarck health system. We do not include the other types of health system in this analyses because the sample size for those are small. We restrict ourselves to descriptive statistics since sophisticated analyses will not provide meaningful results given our small sample size.
Results
Descriptive statistics for all variables used in the Dynamic Network DEA model are presented in Table 2 .
Efficiency Scores for the public health sub-unit, medical care sub-unit and overall health system for the 34 OECD countries is presented in Table 3 whereas the overall Malmquist scores, frontier change and catch up scores for the OECD countries are presented in Table 4 .
In the given sample of 34 OECD countries, 14 countries underwent reform between 2000 and 2012 whereas 20 countries did not. Malmquist scores above 1 indicate improvement over time. Average overall Malmquist score for the countries that underwent reform is 0.98 whereas for countries that did not undergo reform is 0.95. Although, the average overall Malmquist score for countries that underwent reform is >1, it is still higher that countries that did not undergo reform. Average Malmquist score for the public health division for the countries that underwent reform is 1.09 123 for the public health division. Similarly, average Malmquist score for the medical care division for the countries that underwent reform is 0.89 whereas for countries that did not undergo reform is 0.88. Average Malmquist score for the medical care division is >1 for countries that underwent reform and for those that did not. However, countries that underwent reform had a higher Malmquist score for the medical care division. Among the countries that underwent reform, overall Malmquist score (1.04 for the 6 countries with Beveridge health system vs. 0.90 for the 6 countries with the Bismarck health system) and Malmquist scores for the public health division (1.10 for the 6 countries with Beveridge health system vs. 1.07 for the 6 countries with the Bismarck health system) and medical care division (1.10 for the 6 countries with Beveridge health system vs. 1.07 for the 6 countries with the Bismarck health system) were higher for countries with the Beveridge health system than the Bismarck health system.
Discussion and policy implications
Results from this study indicate that countries that underwent reform showed more improvement in the efficiency of the overall health system and both divisions as compared to the countries that did not. This was especially true for countries with the Beveridge health system. Further research is needed to understand this link between the type of health system and improved efficiency after reform.
The Malmquist scores show that amongst all countries that underwent reform in the past decade, Austria, Canada, Mexico, Norway, Turkey and United States showed improvement in efficiency of the overall health system over time. It is interesting to note that this improvement in the overall health system efficiency was driven by better improvement in the efficiency of the public health system as compared to the medical care system for four of the six countries. Thus, efficiency of the public health system plays an important role in the efficiency of the overall health system. Improving the efficiency of the public health system should therefore be a priority for nations.
Most countries that underwent reform either improved or retained the efficiency scores for their overall health system between 2000 and 2012. The only exceptions to this was Denmark. This can possibly be explained by the fact that reform in Denmark was passed with a very small political majority and thus, did not enjoy complete political support (Olejaz et al. 2012) . A complete analyses of characteristics of reforms and their association with improvement in health system efficiency for all countries is out of the scope of this paper and should be explored in future research.
The Dynamic Network DEA model used in this paper also provides projections for various inputs, outputs and carryovers which can help guide priorities for improving health systems of nations. The average projections (% difference between actual values and values projected for achieving efficiency) of inputs for all OECD countries that underwent reform compared to those that did not are listed in Table 5 . As can be seen from the table, the maximum reduction is needed in the inputs in countries that did not undergo reform. The inputs to the medical care system need to be reduced more than the inputs to the public health system. Health reforms of most nations are geared towards cost containment. The findings of this study suggest that this cost containment should be directed towards the medical care system and not the public health system in order to derive improved health system efficiency after the reform. Reforms of countries which improved the efficiency of their health systems need to be examined in order to embrace the best features of their health care reform. This paper makes significant contributions to literature by introducing the use of a new model for assessing efficiency of health care systems which allows independent examination of the public health and the medical care system. This use of this model is relatively new in the health care literature and the current paper demonstrates an innovative use of this model. Additionally, this paper contributes to literature on assessment of efficiency of health systems of OECD countries by using a 10 year long panel dataset which covers a period of time characterized by active health reform in a number of OECD countries.
In spite of the significant contributions to literature, this has some limitations. The OECD Health Stats database suffers from missing data which had to be imputed using data from other years for thepurpose of this study. Although imputation is a commonly used technique, it may introduce a minor amount of bias in the findings. Additionally, inputs and outputs of the public health and medical care systems of nations are highly complex constructs. The variables selected to represent these constructs only serve as a proxy to measure them. Although this study employs variables commonly used in previous literature, there are a number of other variables which may be chosen as part of the DEA model. The results from the DEA model may vary based on thevariables selected to represent each construct.
